The racemic title compound, C 15 H 12 Br 2 O, crystallizes in a noncentrosymmetric structure and displays a signi®cant nonlinear optical response to red light. The crystal packing is in¯uenced by CÐHÁ Á ÁO and CÐHÁ Á Á% interactions. One of the former bonds has a short HÁ Á ÁO separation of 2.27 A Ê .
The racemic title compound, C 15 H 12 Br 2 O, crystallizes in a noncentrosymmetric structure and displays a signi®cant nonlinear optical response to red light. The crystal packing is in¯uenced by CÐHÁ Á ÁO and CÐHÁ Á Á% interactions. One of the former bonds has a short HÁ Á ÁO separation of 2.27 A Ê .
Comment
In order to display non-linear optical (NLO) effects, organic molecular crystals must possess suitable electronic and structural properties. The former effects, including strong donor± acceptor intermolecular interactions and delocalized p-electron systems, are reasonably well understood (Watson et al., 1993) . The latter effects ± especially the ability to crystallize as a non-centrosymmetric structure ± are harder to predict and control.
Among the many organic compounds reported for their NLO properties, chalcone derivatives are notable for their excellent blue light transmittance and good crystallizability. It is observed that the substitution of a bromo group on either of the benzene rings greatly in¯uences the non-centrosymmetric crystal packing (Uchida et al., 1998; Tam et al., 1989; Indira et al., 2002) . Bromo groups improve the molecular ®rst-order hyperpolarizabilities and can effectively reduce dipole±dipole interactions between the molecules (Zhao et al., 2002) . However, chalcone derivatives often have low melting temperatures, which can be a drawback with respect to the applications of these crystals in optical instruments. Chalcone dibromides usually have higher melting points and are thermally stable. We report here the synthesis and structure of the title compound, (I) (Fig. 1) , which has a second harmonic generation (SHG) ef®ciency 0.4 times that of urea.
The non-centrosymmetric space group of (I) is consistent with the non-zero SHG signal observed. All the geometric parameters for (I) lie within their expected ranges (Allen et al., 1995) . A dihedral angle of 22.58 (16) occurs between the mean planes of the two benzene rings. With respect to the C7ÐC8 bond, the atom pairs Br1/Br2, C6/C9 and H7/H8 are all trans (Table 1) . Each molecule of (I) is chiral (the arbitrarily chosen asymmetric molecule has R and S con®gurations for atoms C7 and C8, respectively), but space-group symmetry generates a racemic 1:1 mix of enantiomers, as might be expected in terms of the bromination reaction used to prepare (I), i.e. trans addition of the two Br atoms has occurred. However, (I) does not crystallize in a space group with inversion symmetry and a substantial SHG response arises.
The crystal packing of (I) appears to be in¯uenced by weak interactions, including CÐHÁ Á ÁO and CÐHÁ Á Á% bonds ( Table 2 ). The three CÐHÁ Á ÁO interactions in (I) all link to the same acceptor O atom. One of the resulting HÁ Á ÁO separations is rather short, at 2.27 A Ê . It may be assumed that these three H atoms are all`activated' (made more acidic) in terms of the identities of their adjacent atoms (Desiraju & Steiner, 1999) . These CÐHÁ Á ÁO links result in parallel chains of molecules of (I) propagating in the c direction (Fig. 2) . Within a chain, adjacent molecules, related by the c-glide operation, are enantiomers. For any adjacent pair of molecules in a chain, the dihedral angle between their C1-benzene rings is 50.50 (10) . Fig. 2 shows that all the chains propagate in the same sense, i.e. all the C O moieties point the same way, and it is tempting to assume that this`lining up' effect plays a role in de®ning the SHG properties of (I).
Furthermore, two CÐHÁ Á Á% interactions appear to consolidate the crystal packing in (I) in the b direction. The two H atoms involved in these interactions are both trans to the CÐ C bond to the rest of the molecule. When viewed along the c direction (Fig. 3) , it is observed that a herring-bone-like array of molecules of (I) results, with the CÐHÁ Á Á% bonds forming in®nite ladder-like chains along [010] .
If the acceptor benzene ring is considered, then in each case it is notable that a Br atom is located roughly opposite the CÐ HÁ Á Á% interaction (Fig. 3 ) (H13Á Á Á%1Á Á ÁBr2 = 168 and H3Á Á Á %2Á Á ÁBr1 = 163
; %1 is the centroid of atoms C1±C6 and %2 is the centroid of atoms C10±C15). While this cannot be considered to be a BrÁ Á Á%`bond' of any kind [the BrÁ Á Á% separations of 3.661 and 3.884 A Ê are greater than the van der Waals separation of 3.55 A Ê for Br (1.85 A Ê ) plus the halfthickness (1.70 A Ê ) of a benzene ring], it is possible that this kind of intermolecular contact in¯uences the SHG response of (I). The crystal packing of (I), viewed approximately down [010] , is available as a ®gure in the supplementary material.
Experimental
Chalcone (1,3-diphenyl-2-propen-1-one) (20.8 g 0.1 mol) was treated with 30% bromine in acetic acid until the orange colour of the solution just persisted. After stirring for 30 min, the contents of thē ask were poured onto crushed ice and the resulting crude solid was collected by ®ltration. The compound was dried and recrystallized as clear blocks of (I) from ethanol in 85% yield (m.p. 396±398 K). Analysis for C 15 H 12 Br 2 O requires: C 48.95, H 3.29%; found: C 48.91, H 3.26%. The SHG ef®ciency of (I), normalized to that of urea, was measured by a standard powder technique (Kurtz & Perry, 1968) using an Nd:YAG laser. The H atoms were positioned geometrically (CÐH = 0.95±1.00 A Ê ) and re®ned as riding, with U iso (H) = 1.2U eq (carrier). Intermolecular interactions (A Ê , ).
Crystal data
%1 is the centroid of the C1±C6 ring and %2 is the centroid of the C10±C15 ring. Data collection: COLLECT (Nonius, 1998); cell re®nement: SCALEPACK (Otwinowski & Minor, 1997) ; data reduction: SCALEPACK, DENZO (Otwinowski & Minor, 1997) and SORTAV (Blessing, 1995) ; program(s) used to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEP-3 (Farrugia, 1997) , ATOMS (Shape Software, 2003) and PLATON (Spek, 2003) ; software used to prepare material for publication: SHELXL97.
